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ABSTRACT 
The purpose of this research was to inform primary school nutritional policy by identifying which mid-morning snack 
would be more beneficial to consume from an appetite control perspective. During morning break 14 girls and 11 boys 
were provided with 160 ml of semi-skimmed milk or 153 g of apple in a randomised crossover manner. Visual analogue 
scales were used to record hunger, prospective food consumption and fullness, immediately before and after breakfast, 
immediately before and after the mid-morning snack, and every 60 min until 21:00 on each day. School dinner/packed 
lunch energy intakes were assessed 90 min following the mid-morning snacks, in addition to evening energy intake. 
Children felt less hungry and could eat less when apple was consumed, however lunch and evening energy intakes were 
not different. Fluctuations in appetite did not translate into differences in energy intake therefore both milk and fruit 
should be promoted as mid-morning snacks in primary schools.  
 
Keywords: Primary School Policy; Mid-Morning Snacks; Milk; Fruit; Appetite; Energy Intake 
1. Introduction 
Poor dietary practices of children have been identified as 
one factor contributing to the increased risk of over- 
weight and obesity [1]. Recent data from the Avon Lon- 
gitudinal Study of Parents and Children suggest that the 
incidence of obesity is the highest during mid-childhood 
(age 7 - 11 y, 6.7%), compared to early childhood (3 - 7 
y, 5.1%) and adolescence (11 - 15 y, 1.6%) [2]. Conse-
quently, it is suggested that obesity prevention schemes 
should focus on children within the mid-childhood age 
range (7 - 11 y) [2]. It has also been postulated that 
school settings represent imperative channels for influ-
encing behaviour change from childhood through to 
adulthood [3].  
At present UK primary schools have the choice of 
promoting one of two dietary intervention schemes, 
namely milk or fruit and vegetables. In 1971 and 1980 
the provision of free school milk was withdrawn from all 
children over the age of 7 y and children aged 5 - 7 y, 
respectively. Nowadays, some primary schools still choose 
to finance this scheme for children under the age of 7 y, 
however local education authorities are not obliged to 
financially support this. More recently a national gov-  
ernment campaign known as “The School Fruit and 
Vegetable Scheme” [4] provides a free piece of fruit or 
vegetable each school day to all children aged 4 - 6 y in 
infant, primary and special local authority maintained 
schools, whilst some schools also encourage the uptake 
of this scheme by their Key Stage 2 pupils (7 - 11 y). 
Therefore, typically during a school day, children con-
sume either milk or fruit as mid-morning snacks. In light 
of the current and prospective levels of childhood obesity 
in the UK [5], it is important to establish the influence 
such mid-morning snacks may have on appetite and en-
ergy intake control in young children. Recent data in 
adolescent girls have shown a favourable relationship 
between milk consumption and BMI and body fat per-
centage [6], however at the time of writing, no data from 
an appetite control perspective is available. Such infor-
mation would enable local education authorities to make 
evidence based decisions regarding the most beneficial 
dietary intervention scheme to promote in primary 
schools within the UK.  
Acute food pre-load studies, exploring energy intake 
compensation in response to various food items, other 
than fruit and milk, have been conducted in children 
[7-13] and adolescents [14,15], of which the findings are 
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equivocal. There are some available studies which have 
specifically explored the influence of milk consumption 
on appetite control in young people, however these stud-
ies intervened chronically [16-19]. Moreover, when ex-
amining the paediatric food pre-load studies to date, there 
is a distinct lack of focus on the mid-childhood age range 
(7 - 11 y), in addition to the dietary interventions not 
being representative of the foods/drinks typically pro-
vided in schools. Furthermore, to the authors’ knowledge 
only one of the studies [13] attempted to replicate a 
free-living school environment, whereby typical timings 
of a school day were considered in order to maintain 
ecological validity [20]. 
Therefore, in order to successfully inform primary 
school nutritional policy, the purpose of this study was to 
investigate the effect of milk or fruit consumption as 
mid-morning snacks, on subsequent appetite and energy 
intake in 7 - 10 y primary school children. 
2. Materials and Methods 
2.1. Study Design 
A within-subjects, randomised crossover design was used 
to compare energy intake, hunger, prospective food con-
sumption and fullness, following the consumption of 
milk or fruit as mid-morning snacks. Two 1-d test ses-
sions took place in a primary school setting, separated by 
14-d. 
The study was approved by the University of North-
umbria, Faculty of Health and Life Sciences Ethics 
Committee. Written informed consent was obtained from 
both the children and parents/guardians prior to data col-
lection. 
2.2. Participants and Recruitment 
All 7 - 10 y boys and girls (n = ~200) from a local pri-
mary school in the North East of England were invited to 
take part. Participants were excluded if they had been 
diagnosed with any significant medical condition that 
may interfere with the testing, had aversions to the mid- 
morning snacks or were off school due to illness. In ad-
dition, following completion of the study, data was with-
drawn from the statistical analysis if the food and/or vis-
ual analogue scale (VAS) diaries were not sufficiently 
completed. Consequently, of the 98 children who com-
menced the study, 25 children’s data was analysed (girls 
n = 14; boys n = 11). 
During a preliminary testing session at the school, the 
children’s stature and seated height were measured to the 
nearest 0.01 m using a Harpeden Portable Stadiometer 
(Holtain Limited, Pembs, UK) and body mass to the 
nearest 0.1 kg using Avery Balance scales (Avery Berkel 
Ltd., West Midlands, UK). These measures were used to 
calculate BMI (kg/m2) [21] and maturity offset [22], with 
the latter providing an indication of years from peak 
height velocity and thus maturation. In the presence of 
the research team, the children completed the Dutch Eat-
ing Behaviour Questionnaire for children (DEBQ-C) [23], 
to provide an indication of restrained eating prevalence 
within the sample. The children were also familiarised 
with the VAS diaries [24] and were asked to state their 
three favourite fruits. Participant characteristics are out-
lined in Table 1. 
2.3. Procedures 
For each year group (3 - 5) the 1-d test sessions took  
 
Table 1. Participant characteristics. 
 Girls (n = 14) Boys (n = 11) All (n = 25) 
 Mean SE Mean SE Mean SE 
Age (y) 9.2 0.2 9.1 0.2 9.2 0.2 
Body weight (kg)1 30.6 2.4 28.9 1.9 29.8 1.6 
Height (cm) 137.3 2.2 133.6 2.5 135.5 1.7 
BMI (kg/m2)1 16.4 0.8 16.3 0.6 16.3 0.5 
Number classified as under-weight2 2 - 0 - 2 - 
Number classified as normal-weight2 11 - 11 - 22 - 
Number classified as overweight/obese2 1 - 0 - 1 - 
Maturity offset (y)3 −2.6 0.3 −4.0 0.2* −3.1 0.2 
DEBQ-C restrained eating score4 2.1 0.1 1.8 0.1 1.9 0.1 
Number caucasian (%) 12 - 10 - 22 - 
Number asian (%) 2 - 1 - 3 - 
1Three participant values missing (two girls and one boy); 2Classified according to current paediatric international reference curves; 3Maturity offset values 
missing for 11 participants (five girls and six boys), as regression equation not valid for children under the age of 8 y; 4DEBQ-C, Dutch Eating Behavior Ques-
onnaire for children; *Maturity offset significantly different between genders (P = 0.02). ti  
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place on the same week day (Monday = year 3; Thursday 
= year 5; Friday = year 4), as these days did not involve 
physical education or any other active curriculum lessons. 
There was a period of 14-d between test sessions as the 
lunch menus at the school were dictated by a 3-wk rota 
imposed by the local education authority. The organisa-
tion of the two 1-d test sessions followed the typical tim-
ings of a school day to ensure the study was representa-
tive of the children’s normal routine. 
Prior to the first test session the children were asked 
(through liaising with the parents/guardians) to consume 
their usual breakfast at the time that they would usually 
consume this meal before school. The parents/guardians 
of the children were asked to record this information in a 
food diary. Weighed food diaries have been successfully 
used by parents to record the food intake of their children 
(4 - 10 y), and have been shown to be comparable to dou-
bly labelled water (in a pilot study of the most recent UK 
National Diet and Nutrition Survey [25]). Prior to the 
second test session, the parents/guardians of the children 
were provided with a photocopy of the food and drink 
items and times that their children consumed breakfast 
prior to the first test session. This enabled replication of 
food and drink items, timings of consumption and por-
tion sizes prior to the second test session [26]. 
Apple was the chosen fruit as this was in the three of 
the most popular rated fruits identified by the children 
during the preliminary testing session. Favourably for the 
purpose of this study, apples have a similar low glycae-
mic index value to that of semi-skimmed milk (Table 2). 
During assembly and morning break time (10:30), the 
children were provided with either 160 ml of semi- 
skimmed milk (Organic Milk, Acorn Dairy, UK) served 
in a small milk carton or 153 g of apple (Sweet Gala Ap-
ples, Tesco, UK) cut up into segments, which they had 
15 min to consume (before lessons). To ensure the free- 
living nature of this study, the quantity of apple provided 
to the children was identified as a typical portion of apple 
using the Microdiet Software Package (Microdiet V2.8.5, 
Downlee Systems Ltd., UK). Therefore, to ensure the 
snacks were isoenergetic and energy density matched, 
the quantity of semi-skimmed milk provided was estab-
lished at 160 ml, a similar amount to that advised by the 
Food Standards Agency and School Foods Trust (189 
ml). It was not the intention of the study to manipulate 
the physical composition of the snacks, given the ration-
ale and free-living nature of the study. The nutritional 
compositions of the snacks are provided in Table 2. 
2.4. Measures 
The children were asked to complete VAS exploring 
hunger, prospective food consumption and fullness at 
various time points throughout the two 1-d test sessions  
Table 2. Composition of the mid-morning snacks. 
 Semi-skimmed milk1 Apple2 
Portion   
Product (g/ml) 160 153 
Energy   
Per portion (MJ) 0.3 0.3 
Density (kJ/g) 2.0 2.1 
Protein   
Per portion (g) 5.4 0.6 
Percentage of energy (%) 33.5 3.2 
Fat   
Per portion (g) 2.7 0.2 
Percentage of energy (%) 16.8 1.0 
Carbohydrate   
Per portion (g) 8.0 18.1 
Percentage of energy (%) 50 96 
Fibre   
Per portion (g) 0 2.8 
Glycaemic index 30 (Low) 38 (Low) 
1Organic milk, Acorn dairy, UK; 2Sweet gala apples, Tesco, UK. 
 
[immediately before and after breakfast, immediately 
before and after the milk or fruit snack, 11:30, 12:00, 
13:00, 14:00, 15:00, 16:00, 17:00, 18:00, 19:00, 20:00, 
21:00]. Appetite responses were rated on 100 mm hori-
zontal lines, to each of these questions, “How hungry do 
you feel now?” anchored by very hungry (100) and not at 
all hungry (0); “How full do you feel now?” anchored by 
very full (100) and not full at all (0); prospective food 
consumption and “How much would you like to eat 
now?” anchored by a lot (100) and nothing at all (0). 
The children consumed their lunch (12:00-13:00) 90 
min following the mid-morning snacks. The lunch took 
the form of a school dinner or packed lunch, depending 
on each child’s habitual preference. Fifteen children 
(girls n = 10; boys n = 5) chose school dinner, whilst 10 
children (girls n = 4; boys n = 6) opted for packed lunch. 
All school dinners were cooked on site and followed 
the 3-wk rota imposed by the local city council. The food 
and drink items and portion sizes provided during each 
test session for each school year group were the same. 
During the first test session the children chose their pre-
ferred school dinner, which they then were reminded to 
choose during the second test session. Following school 
dinner intake, each food and drink item left over by the 
children were covertly weighed to the nearest gram by 
the research team. 
If the child had a packed lunch, the parents/guardians 
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were asked to weigh and record in a food diary, the food 
and drinks items and portion sizes provided for the first 
test session, and any leftover food and drink items that 
their child returned home. In order for parents/guardians 
to replicate their child’s packed lunch intake for the sec-
ond test session, they were provided with a photocopy of 
the food and drink items along with portion sizes that 
their child had consumed in their packed lunch during the 
first test session. 
Following lunch, the children continued with their 
normal school activities and lessons. After the children 
finished school (15:15), their parents/guardians were 
asked to weigh and record in a food diary, their child’s 
food and drink intake for the rest of the evening until 
bedtime. 
Breakfast, lunch (school dinner and packed lunch) and 
evening energy intake and macronutrient composition 
(percentage contribution of carbohydrate, protein and fat 
to lunch and evening energy intake) were determined 
using the Microdiet Software Package (Microdiet V2.8.5, 
Downlee Systems Ltd., UK). Breakfast, lunch (school 
dinner and packed lunch) and evening energy intake (MJ) 
were then totalled for each child in addition to percentage 
contribution of carbohydrate, protein and fat. 
2.5. Statistical Analysis 
The statistical package SPSS-PC (SPSS Inc., Chicago, IL) 
was used for all data analysis. Between group (gender) 
participant characteristics were analysed using inde-
pendent t-tests (Table 1). Visual analogue scale ratings 
for subjective appetite (hunger, prospective food con-
sumption and fullness) were calculated as time-averaged 
area under the curve (AUC) for: breakfast, school period 
(before snack—15:00; 4.5 h), evening period (15:00- 
21:00; 6 h) and school and evening period combined (be-
fore snack—21:00; 10.5 h). Area under the curve values 
were subsequently analysed using a 2 (mid-morning 
snack) × 2 (gender) ANOVA (within-between design). 
Energy intake (MJ) and macronutrient composition (per-
centage carbohydrate, fat and protein) of breakfast, lunch 
and evening intake were analysed using a 2 (mid-morn- 
ing snack) × 2 (gender) ANOVA (within-between de-
sign). Means ± SE were calculated for all data. Signifi-
cance was set at P < 0.05 for all analyses 
3. Results 
All subjective appetite ratings are provided in Figure 1. 
With regards to the breakfast period, there was no main 
effect of snack or interaction between snack and gender, 
for hunger (P = 0.33 and P = 0.83 respectively), prospec- 
tive food consumption (P = 0.51 and P = 0.37 respec- 
tively) or fullness (P = 0.38 and P = 0.58 respectively). 
During the school period (before snack—15:00; 4.5 h), 
there was a main effect of snack for hunger and prospec- 
tive food consumption (AUC × 4.5 h), whereby when 
apple was consumed as a mid-morning snack, as opposed 
to milk, both girls and boys felt they were less hungry 
[girls: 43(SE3) v. 48(SE5) mm; boys: 51(SE7) v. 58(SE4) 
mm, respectively, P = 0.02] and could eat less [girls: 
43(SE4) v. 49(SE5) mm; boys: 51(SE6) v. 57(SE5) mm, re-
spectively, P = 0.02]. There was no main effect of snack 
(P = 0.75) or interaction between snack and gender (P = 
0.36) for fullness, with regards to the school period (be-
fore snack—15:00; 4.5 h). 
There were no main effects of snack or interactions 
between snack and gender during the evening period 
(15:00-21:00; 6 h) and the school and evening period 
combined (before snack—21:00; 10.5 h), for hunger (P = 
0.98 and P = 0.34 respectively), prospective food con-
sumption (P = 0.44 and P = 0.17 respectively) or fullness 
(P = 0.57 and P = 0.55 respectively). 
All energy intake and macronutrient composition val-
ues for breakfast, lunch (school dinner and packed lunch) 
and evening intake are provided in Table 3. 
There was no main effect of snack or interaction be-
tween snack and gender for energy intake (MJ) (P = 0.15 
and P = 0.64 respectively), percentage carbohydrate (P = 
0.09 and P = 0.19 respectively), protein (P = 0.79 and P 
= 0.92 respectively) and fat (P = 0.22 and P = 0.26 re-
spectively) for breakfast intake. 
Similarly, there was no main effect of snack or inter-
action between snack and gender for energy intake (MJ) 
(P = 0.74 and P = 0.68 respectively), percentage carbo-
hydrate (P = 0.26 and P = 0.72 respectively), protein (P 
= 0.17 and P = 0.51 respectively) and fat (P = 0.39 and P 
= 0.58 respectively) for lunch intake. 
There was no main effect of snack or interaction be-
tween snack and gender for energy intake (MJ) (P = 0.39 
and P = 0.51 respectively), percentage carbohydrate (P = 
0.69 and P = 0.68 respectively), protein (P = 0.08 and P 
= 0.19 respectively) and fat (P = 0.16 and P = 0.29 re-
spectively) for evening intake. 
4. Discussion 
The major finding of this study was that from an appetite 
control perspective, both fruit and milk should be pro-
moted as mid-morning snacks in primary schools, by 
local education authorities. To the best of our knowledge, 
the present study was the first to employ an ecologically 
valid study design to directly explore the influence on 
appetite of two dietary intervention schemes (school milk 
and “The School Fruit and Vegetable Scheme”), cur-
rently available to primary schools in the UK. 
The present study identified that 7 - 10 y boys and 
girls felt less hungry and felt they could eat less over the 
school day (before snack—15 00; 4.5 h) when apple was  :  
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Girls 
 
(a) 
 
(b) 
 
(c) 
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Boys  
 
(a) 
 
(b) 
 
(c) 
Figure 1. Subjective appetite [Mean ± SE (a) hunger; (b) prospective food consumption; and (c) fullness ratings on the visual 
analogue scales for the fruit (●) and milk (○) test days in girls (n = 14) and boys (n = 11). BF, breakfast. *Area under the curve 
values for hunger and prospective food consumption, during the school period (AUC × 4.5 h), were significantly lower in the 
fruit compared to the milk trial, irrespective of gender (P = 0.02 and P = 0.02, respectively)]. 
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Table 3. Energy intake and macronutrient composition (mean values with standard errors) of breakfast, lunch (school dinner 
and packed lunch) and evening intake, for girls (n = 11), boys (n = 14) and girls and boys combined (n = 25). 
Semi-Skimmed Milk Apple 
Energy Intake 
(MJ) 
Carbohydrate 
(%) Protein (%) Fat (%) 
Energy Intake
(MJ) 
Carbohydrate 
(%) Protein (%) Fat (%)   
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 
Girls 1.37 0.15 52 6 13 2 36 6 1.22 0.13 56 6 13 2 32 6 
Boys 1.47 0.11 65 6 11 1 23 5 1.39 0.14 66 6 11 1 23 5 Breakfast 
All 1.41 0.09 58 4 12 1 30 4 1.29 0.10 60 4 12 1 28 4 
Girls 1.83 0.18 53 2 13 1 34 2 1.89 0.23 52 3 14 2 37 3 
Boys 1.96 0.20 51 3 15 1 34 3 1.95 0.21 48 2 15 2 35 3 Lunch 
All 1.88 0.13 52 2 14 1 34 2 1.92 0.16 50 2 14 1 35 2 
Girls 3.38 0.25 22 6 43 5 35 2 3.87 0.40 22 5 42 4 36 3 
Boys 4.48 0.55 18 3 46 2 36 3 4.55 0.53 20 3 39 3 41 4 Evening 
All 3.86 0.29 20 3 44 3 36 2 4.17 0.32 21 3 41 3 38 2 
 
consumed as a mid-morning snack as opposed to milk. 
However, these fluctuations in subjective hunger and 
prospective food consumption were transient, whereby 
during the evening period (15:00-21:00; 6 h) and the 
school and evening period combined (before snack— 
21:00; 10.5 h) the differences in these subjective sensa-
tions did not persist. Indeed, it has been suggested that a 
10% difference in 4.5 h mean or AUC appetite ratings 
when comparing the satiating properties of two foods is 
seen as a “reasonable and realistic difference” [27]. In 
the present study, for both boys and girls the difference 
in AUC values for hunger and prospective food con-
sumption ratings, between the snacks did not equate to 
10%, suggesting a lack of practical significance. 
It has been postulated that when comparing the satiat-
ing effects of two different foods, factors such as palat-
ability, energy density, physical composition, motiva-
tional appetite state, environmental cues and cognition 
should be considered [20]. In addition, weight [28], en-
ergy content [29], expectations of fullness [30], fibre 
content [31], macronutrient composition [32], volume of 
food [33] and mastication [34,35] have also been sug-
gested to influence satiety. Indeed, in the present study 
the snacks were similar in weight, and matched for en-
ergy content, energy density and glycaemic index. How-
ever, there were a number of differences with regards to 
the physical properties of the snacks (carbohydrate and 
fibre content, food form/texture and volume) which may 
explain the greater satiating effect of fruit compared to 
milk in the present study. 
Despite the possible explanations such reductions in 
subjective hunger and prospective food consumption 
following the consumption of apple did not translate into 
a decrease in absolute energy consumed at lunch or dur-
ing the evening period. Consequently, this finding pro-
vides further support for a lack of practical significance. 
Specifically, with regards to the influence of apple con-
sumption on appetite, these findings disagree with those 
available in the adult literature, whereby lunch intake 
was reduced by 15% when solid apple versus liquid ap-
ple (applesauce; apple juice) were consumed prior to a 
test meal [30]. However, the time delay between the pre-
load and test meal in the present study and latter [30] was 
substantially different, 90 min and 15 min respectively. 
Thus the influence of food form (solid v. liquid) on en-
ergy intake compensation is thought to be less important, 
with the time interval between food preloads and subse-
quent meals taking precedent [36,37]. 
Interestingly, the importance of timing of test meals 
has been the focus of paediatric food preload studies [10, 
38]. The former study identified that following the inges-
tion of 45 g of sucrose in water, food intake was sup-
pressed at a meal 30 min later but not at 90 min later in 9 - 
10 y children. Thus it seems that a child’s response to 
previous dietary manipulation is interfered with when a 
test meal is provided 90 min after a food preload [1]. 
Therefore, manipulating the time between the mid- 
morning snack and lunch intake may have influenced the 
energy intake results in the present study. The intention 
of the present study however, was to explore the effec-
tiveness of current school arrangements with regards to 
the provision of mid-morning snacks and their effects on 
appetite control in primary school aged children.  
Given the intention of conducting an ecologically valid 
study, we believe various aspects of the study methodol-
ogy to have been robust (provision of representative mid- 
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morning snacks which were isoenergetic; matched for 
energy density; rigorous assessment of subjective appe-
tite and energy intake; use of a free-living primary school 
environment). A potential limitation of the present study 
was that no hormonal indicators of appetite were sought. 
Therefore, there is a requirement for both subjective ap-
petite and short term hormonal regulators of appetite to 
be assessed concurrently in future paediatric appetite 
control studies.  
In conclusion, the present study identified that from an 
appetite control perspective both fruit and milk should be 
promoted as mid-morning snacks in primary schools, 
based on children’s (7 - 11 y) preferences. Given the cur-
rent and prospective levels of childhood obesity in the 
UK [5], future studies which include the measurement of 
appetite hormones will help to provide an understanding 
of factors influencing young people’s food intake. The 
development of such an evidence base can then be dis-
seminated to local education authorities as a means of 
education with regards to young people’s dietary habits 
during school hours. 
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